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Abstract 
Recently, GdBCO coated conductor (CC) coils for high field magnets are investigated for practical use. GdBCO CC coils are 
subjected to longitudinal and transverse tensile stresses in their operation, so there is some research for mechanical properties of the 
GdBCO CCs in the recent years. Fujikura has also researched mechanical properties, for example, tensile or delamination strength, of 
the GdBCO CCs. In this report, we investigated pin-pull delamination test in Liquid nitrogen (LN2) to research mechanical 
delamination and critical current (Ic) degradation strength. We found out mechanical delamination strength is corresponding to Ic 
degradation strength. In addition, we experiment repeated transverse tensile stress on GdBCO CCs in LN2, most of the samples have 
more than 50 times at 50 MPa, which corresponds to single delamination strength, and there is no Ic degradation before mechanical 
delamination. 
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1. Introduction 
Since high temperature superconductor (HTS) such as REBCO (RE indicates rare earth metal, for example, Y or 
Gd) and BiSCCO have been discovered, there are lots of attempts for their practical use. BiSCCO HTS tapes were 
relatively earlier in practical use than REBCO HTS coated conductor (CC) tapes because of its productivity. But 
BiSCCO tapes have lower mechanical properties and critical current (Ic) in high magnetic field than REBCO CC tapes. 
So there is some advantage to use REBCO CC tapes in the case of constructing coils. In fact, recent years, REBCO CC 
tapes are to be applied to high magnetic coils. 
But there are some problems for REBCO CCs in practical use, mainly about their low delamination strength. 
REBCO CC tapes are composed by various ceramic layers on metal tapes, which has usually high mechanical 
properties such as Hastelloyτ, so although ceramic materials has low mechanical properties, REBCO CC tapes have 
excellent longitudinal mechanical properties due to most of force toward tensile direction applies to metal tape. But, 
external forces are applied to transverse direction, REBCO tapes have relatively low tolerance due to their stack layer 
constitution, as ceramic layers are fully exposed by transverse stress. Considered those backgrounds, several structures 
are proposed in order to reinforce their delamination strength, such as incorporating a soft metallic layer [1] and 
separate coil configuration to reduce transverse tensile stress on REBCO layer. But these methods are not preferred 
because of reducing engineering critical current density of CC tapes. Therefore, investigation of reinforcing ceramic 
layer is desired. Shin et. al. examined transverse tensile stress test by anvil in liquid nitrogen(LN2), Ic degradation 
occurs before CC tapes delaminated [2]. D C van der Laan et. al. examined transverse tensile test on CC tapes, Ic 
degradation occurs in the low delamination strength samples, but in the strong sample cases, there is no Ic degradation 
before delamination[1].  
Based on those results, we also examined delamination test in LN2 to investigate whether Ic degradation occurs 
before delamination, furthermore, we conducted repeated transverse tensile test to suppose coils are received several 
heat cycles in the practical use.  
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2. Experimental details 
We evaluated transverse tensile stress dependence of Ic about GdBCO CC tapes by pin pull method in LN2. Figure 1 
shows the sketch of our delamination test system. We use ȭ2.7 Al stud pin, and 12.712.7 Al2O3 backing plate, both 
are manufactured by Quad Group Inc., they are bonded to sample surface respectively by epoxy resin hardened at 
150 Υ during 1 hour in atmosphere. GdBCO CC tape samples are laminated electroplated Cu, and other details show in 
table 1. 
  Tensile test system is cooled from room temperature (r.t.) to 77.3 K over 30 minutes by filling up LN2 little by little. 
Tensile growth rate is 3㹼5 MPa/sec ( 1.0 mm/min), corresponding  to the case of r.t. delamination test. 
We determined Ic value by using an electric field criteria of 1.0 ȣV/cm during transverse tensile stress loaded and 
after unloaded. Tensile stress is applied and measured by Universal Testing Instruments (Shimadzu Co.). 
. 
 
    table 1. CC sample and experimental details 
 
Parameters Values 
Width 5 mm 
Thickness of substrate 0.075 mm 
Thickness of copper stabilizer 0.02 mm (electroplated) 
Thickness of GdBCO layer 1.8㹼2.8 ȣm 
Current sweep rate 12.0 A / sec 
Voltage tap distance 6.0 cm 
Electric field criteria 1.0 ȣV / cm 
 
 
Fig. 1. the sketch  delamination systems in LN2          
 
 
3. Result and discussion  
In this paper, we introduce three types of tensile test results. In section 3.1., transverse tensile stress dependence of Ic 
by measuring Ic with transverse tensile stress growth step by step. And next, we applied gradual stress growth on 
samples with constant current flow, then we estimate stress dependence of Ic value( Ic(Ȫ))  from next equation, 
 
                                                                                                                                (1) 
 
 Iconst. and Vcrit. denote constant current value and voltage criteria respectively, and n value is determined by I - V curve 
before loading stress on CC tape samples. 
Next in section 3.2., we conducted repeated transverse tensile test to be supposed in the practical use such as CC tape 
coils are received several heat cycle at their operation. 
 
 
3.1 Transverse stress dependence of Ic in LN2 
At first, we investigated transverse tensile stress dependence of Ic about Lot A and Lot B CC tape samples. In this 
experiment, we measured Ic during transverse tensile stress loaded and after unloaded. There is no significant difference 
about Ic value between loading and unloading. So, Figure 2. shows transverse tensile stress dependence of Ic value only 
after stresses unloaded. Tensile stresses are raised by 5 or 2.5 MPa at every Ic measurement.  
Secondly, we estimated stress dependence of Ic value with constant current flow and with raising tensile stresses 
gradually. Figure 3. shows this result on  lot A samples, which indicates there is no Ic degradation before delamination 
occurs. 
These two experimental results indicate there is no Ic degradation before CC tapes are mechanically delaminated. But 
it is not enough sample number to evaluate fully delamination strength of CC tapes, and it is necessary to evaluate 
delamination properties on more number of samples and manufacturing lot. 
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Fig.2 stress dependence of Ic        Fig.3 tensile test with constant current(Lot A) 
 
 
 
3.2 Repeated transverse tensile test 
 In the practical use such as magnetic coils, REBCO CC tapes are received heat shock stress at several times on their 
operation or maintenance. Therefore, investigating or clarifying repeated tensile stress properties is important to 
construct and operate REBCO CC coils. 
  We conducted repeated transverse tensile test by applying 50 MPa at 50 times and sometimes measuring Ic. If CC tape 
samples are not delaminated, we additionally apply 60 MPa at 50 times, then raising tensile stress by 10 MPa at every 
50 times until delamination.  
Figure 4. shows this repeated stress test result at 4 samples, 3 of them is cutting from lot C tape and rest one is lot A 
tape. We can interpret two fact from Figure 4., there is no Ic degradation before delamination,  and repeated tensile 
strength is corresponding to the single tensile strength showed in Figure 2. and 3.  
We examined only four samples, which number is not enough to evaluate exactly mechanical properties of GdBCO 
CC tapes. But, at least, this result indicates repeated transverse tensile stress does not necessarily weaken the virgin 
delamination strength of CC tapes dramatically.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                      Fig. 4. repeated tensile stress test result 
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4. Conclusion 
We examined delamination test by pin pull method in LN2 to evaluate stress dependence of Ic by two method, one is 
increasing stress step by step, and the other is gradual stress increase with constant current flow. Then, there is no Ic 
degradation before delamination in these two experiments. Next, we conducted repeated transverse tensile test to be 
supposed in the practical use such as CC tapes are received several heat cycle at their operation. Repeated tensile 
strength is corresponding to single tensile strength and there is also no Ic degradation before delamination. These results 
indicate repeated transverse tensile stress does not necessarily weaken the virgin delamination strength of CC tapes 
dramatically. 
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